Objectives: Although critical care physicians view obesity as an independent poor prognostic marker, growing evidence suggests that obesity is, instead, associated with improved mortality following ICU admission. However, this prior empirical work may be biased by preferential admission of obese patients to ICUs, and little is known about other patient-centered outcomes following critical illness. We sought to determine whether 1-year mortality, healthcare utilization, and functional outcomes following a severe sepsis hospitalization differ by body mass index.
of obesity on critical illness. Despite population-based studies demonstrating higher general mortality (5) (6) (7) (8) and pathophysiologic variations that would predict worse outcomes (9) (10) (11) (12) (13) , studies examining the impact of obesity on critical illness have yielded mixed results (14-16)-that is, some studies suggest a possible "obesity paradox" wherein obesity is not harmful and may even be protective once one is ill.
Prior work has been criticized, however, for small sample sizes and use of underweight patients as nonobese comparisons (16) . Furthermore, studies often use weight ascertained at ICU admission-potentially after fluid resuscitation or prior to diuresis for decompensated edema-rather than the patient's true outpatient weight. This practice may misclassify the body mass index (BMI) category in as many as 20% of patients (17) .
Beyond these problems of nonrepresentative samples and misclassification of the key exposure variable, much of the existing research has assessed in-hospital mortality following ICU admission. This study design is susceptible to bias for two reasons. First, discharge practices vary across hospitals and have been shown to alter in-hospital mortality (18) (19) (20) . Second, ICU admission thresholds vary markedly across institutions (21, 22) and may be systematically different in obese patients due to their greater nursing needs (16) .
Because of the limitations of the existing literature on mortality and lack of information on other patient-centered outcomes, we sought to investigate the association of obesity with 1-year mortality, healthcare utilization, and functional limitations in Medicare beneficiaries following a hospitalization for severe sepsis. We selected these additional outcome measures because of the high value patients place on living and functioning independently (23) . We focused on severe sepsis because it is a very common diagnosis (24) that can be treated both within and outside the ICU.
METHODS

Study Population
The Health and Retirement Study (HRS) is an ongoing, nationally representative, cohort study of older Americans. Started in 1992, the HRS has enrolled nearly 30,000 participants, of whom 16,772 have agreed to link their data with Medicare (25) . The cohort is reinterviewed every 2 years, with a follow-up rate consistently over 90% (25) . Patients provided informed consent on enrollment in the HRS and again for linkage to Medicare. We studied all respondents with a baseline assessment in 1998-2004 for whom there were claims-based data on a subsequent severe sepsis hospitalization during 1998-2005. These patients were identified previously for inclusion in a study of cognitive and functional disability among sepsis survivors (26) . This work was approved by the University of Michigan Institutional Review Board.
We used a commonly employed, validated claims-based definition of severe sepsis (27, 28) . For patients with more than one severe sepsis hospitalization, each hospitalization was included. Patients were followed up for 1 year after their hospital discharge.
Data Abstraction
Characteristics of the hospitalizations were abstracted from Medicare claims, including acute dysfunction of the cardiovascular, neurologic, hematologic, hepatic, renal, and respiratory systems and the medical comorbidities included in the Charlson comorbidity index (29) . Because diabetes may be associated with better outcomes in sepsis (30) , we calculated an adjusted Charlson comorbidity score excluding diabetes, so that diabetes could be entered into multivariate analyses separately from other comorbidities. We determined critical care use from MedPAR files indicating admission to either an ICU or coronary care unit. We identified mechanical ventilation use by the presence of International Classification of Diseases, 9th Edition, Clinical Modification code 96.7 (including 96.7x) in any MedPAR procedure code field, a method that is validated (31) and has been used in epidemiologic studies of mechanical ventilation (32) . Health-related limitations in the six activities of daily living (ADLs) and five instrumental ADLs were abstracted from the HRS survey immediately prior to and following the index hospitalization (33) . Date of death was determined from the National Death Index and confirmed by HRS interviewers and the Medicare Denominator File.
We abstracted self-reported height and weight from the HRS surveys immediately preceding and following incident hospitalization. We calculated BMI using the equation: BMI (kg/m 2 ) = weight (kg)/height 2 (m 2 ). Because HRS surveys occur biennially and are random in relation to sepsis hospitalization, there was a variable time lag between baseline measurements and hospitalization (median, 1.1 yr).
We also determined self-reported race and wealth from the HRS survey prior to hospitalization. For our measure of wealth, we used the sum of all household assets and debts-including real estate (34) . We standardized net assets to 2011 U.S. dollars using the Annual Gross Domestic Product Price Index (35) and made a six-category wealth variable where category one is net negative or zero assets, and categories 2 through 6 are quintiles of positive wealth (36) .
Outcomes
The primary outcomes of interest were mortality, healthcare utilization, and functional status. We measured mortality in-hospital, at 90 days, and at 1 year. To assess healthcare utilization, we calculated inpatient facility use and Medicare spending in the year following hospital discharge. To measure inpatient facility use, we determined each patient's daily location in the year following hospital discharge with Center for Medicare & Medicaid Services MedPAR files. We then calculated the total days spent in an acute care hospital, long-term acute hospital (LTAC), skilled nursing facility, and home. We also determined the prevalence of transitions of care location, discharge to LTAC, and repeat hospital admissions. Finally, we calculated the Medicare spending associated with the acute sepsis hospitalization as well as total Medicare spending in the year following hospital discharge, including inpatient and outpatient care. To adjust for inflation, all Medicare spending was standardized to 2011 U.S. dollars using the Annual Gross Domestic Product Price Index (35) . To evaluate functional outcomes, we compared changes in total ADL and IADL limitation scores obtained from the HRS surveys immediately preceding and following incident sepsis hospitalization in survivors by BMI category.
Patients were assumed to be at home for any day they were known to be alive and not admitted to an acute care hospital, LTAC, or skilled nursing facility based on MedPAR records. Because Medicare does not pay for long-term custodial care provided by nursing facilities, patients residing in a nursing home on a permanent basis cannot be identified on a daily basis through MedPAR records (37, 38) . Thus, while our results accurately count inpatient facility care funded by Medicare, they are conservative with respect to total service use.
Statistical Analysis
We present categorical data as numbers (%) and continuous data as means (sds) or medians (interquartile range) depending on the distribution. We evaluated the relationship between BMI and outcome variables using BMI both as a continuous variable and as a categorical variable using World Health Organization classifications (kg/m2): normal, 18.5-24.9; overweight, 25-29.9; obese 30.0-34.9; and severely obese greater than or equal to 35.0 (39) . Due to the small number of patients with a BMI greater than or equal to 35.0, we did not further subdivide these patients into those with BMI greater than or equal to 40.0. For all analyses, we excluded underweight (BMI < 18.5) patients due to previous research suggesting a "U" shaped relationship between BMI and mortality such that inclusion of underweight patients may bias results (16, 40, 41) . For many of the analyses, we explored two separate samples (Supplemental Fig. 1 , Supplemental Digital Content 1, http://links.lww.com/CCM/ A942): the 1,404 severe sepsis hospitalizations, which we refer to as "sepsis patients"; and the 1,087 hospitalizations who survived to hospital discharge, which we refer to as "sepsis survivors."
To compare baseline demographics, hospital characteristics, healthcare resource use, and functional limitations across BMI categories, we used Kruskal-Wallis test for continuous variables and chi-square test for categorical variables. To evaluate for trends across BMI categories, we also used a nonparametric trend test (42) .
We used multivariable logistic regression to determine independent associations between BMI and mortality, rate of discharge to LTAC, 30-day readmission, and 90-day readmission. For each multivariate model, we included all available covariates that we deemed potentially important based on clinical judgment and past research (specific covariates are detailed in the footnotes of tables presenting results from multivariable models).
All analyses were conducted with Stata software version 12 (StataCorp, College Station, TX). We used hospitalization as the unit of analysis, adjusting for the nonindependence of observations within patients using Stata's vce(cluster) command. We used two-sided significance testing and considered a p value less than 0.05 to be significant.
RESULTS
Study Population
There were 1,524 severe sepsis hospitalizations in the HRS-Medicare cohort, of which 34 (2.2%) were excluded from the analysis for missing height and/or weight measurements and 86 (5.6%) were excluded for being underweight (Supplemental Fig. 1 , Supplemental Digital Content 1, http:// links.lww.com/CCM/A942). Of the 1,404 severe sepsis hospitalizations included in the analysis, 597 (42.5%) were normal weight, 473 (33.7%) were overweight, and 334 (23.8%) were obese or severely obese.
Baseline demographic and hospitalization characteristics of the sepsis patients are provided in Table 1 . The obese were, on average, younger (p < 0.001), more likely to be nonwhite (p = 0.001), more likely to be female (p < 0.001), and more likely to have diabetes (p < 0.001). They were also less wealthy (p < 0.001), experienced more acute renal dysfunction (p = 0.001), and had more baseline ADL limitations (p = 0.02).
Mortality
In unadjusted analyses, higher BMIs were associated with lower in-hospital, 90-day, and 1-year mortality. One-year mortality was 44.7% in severely obese, 46.0% in obese, 53.1% in overweight, and 62.0% in normal weight patients (p < 0.001 for trend). Kaplan-Meier survival curves are shown in Figure 1 . Examining just the 1,087 patients who survived their acute hospitalization, higher BMIs were still associated with better 1-year mortality (p < 0.001 for trend).
The association between BMI and in-hospital, 90-day, and 1-year mortality remained significant in a multivariate logistic regression models accounting for potential confounders ( Table 2) . Compared with normal weight patients, obese (odds ratio [OR] = 0.59; 95% CI, 0.39-0.88) and severely obese patients (OR = 0.46; 95% CI, 0.26-0.80) had lower ORs for mortality. Limiting our analysis to the 1,087 sepsis survivors, the ORs To determine whether the lower mortality we observed in obese patients was driven predominantly by older patients in whom obesity is not associated with excess mortality (43-45), we divided our sample into patients younger than and greater than 70 years old. Obesity was associated with lower ORs for 1-year mortality in both age cohorts (Supplemental Table 2 , Supplemental Digital Content 3, http://links.lww.com/CCM/A944). We also found no evidence of an interaction between age and BMI in our multivariable regression models for predicting 1-year mortality (p = 0.949 for model using continuous BMI variable).
Healthcare Utilization
Among sepsis survivors, baseline healthcare utilization (prior to sepsis admission) did not differ by BMI category ( Table 3 ). In the year following sepsis, however, patients with higher BMIs had more hospital readmissions (p < 0.001 for trend) and spent more days admitted to an inpatient facility (p = 0.01 for trend). However, the mean percentage of days alive spent admitted to a healthcare facility was not different by BMI category, suggesting that the increased healthcare utilization observed in obese survivors is due to longer survival rather than greater daily utilization. Interpretive example: days spent in a skilled nursing facility are greater post-sepsis than pre-sepsis (so post-sepsis values are bolded). However, differences in skilled nursing facility days are not different across body mass index categories pre-sepsis (p = 1.00) or post-sepsis (p = 0.13).
Similar to inpatient facility use, median Medicare spending in the year following hospital discharge-both overall and for each subcategory of Medicare spending (except hospice service)-was greater in patients with higher BMIs ( Table 4) . Unlike facility use, median daily Medicare spending was different by BMI category. However, the difference was driven entirely by the severely obese patients whose median daily expenditures were $125 higher than normal weight patients (p = 0.01). Median daily spending was not different between normal, overweight, and obese patients (p = 0.65). Exploring costs as means did not substantively change the results.
We did not identify differences in the ORs for discharge to an LTAC (OR = 1.03; 95% CI, 0.98-1.07), 30-day readmission (OR = 1.02; 95% CI, 0.99-1.05), or 90-day readmission (OR = 1.01; 95% CI, 0.99-1.04) by BMI among survivors (Supplemental Table 1 , Supplemental Digital Content 2, http:// links.lww.com/CCM/A943).
Functional Disability
There were 588 individuals who survived long enough to receive a follow-up functional assessment as part of the biennial HRS surveys, of which 215 (36.6%) were normal weight, 206 (35.0%) were overweight, 98 (16.7%) were obese, and 69 (11.7%) were severely obese. Mean baseline functional limitations were similar between normal weight (2.4), overweight (2.1), and obese patients (1.8) (p = 0.24) (Fig. 2) . However, severely obese patients had more baseline limitations, at 2.9 (p = 0.05). Severely obese patients had fewer mean newly acquired limitations (1.1) than normal weight (1.9), overweight (1.6), or obese patients (2.1), although the differences across BMI category did not meet statistical significance in this relatively small population (p = 0.15). Total limitations following severe sepsis admission were not significantly different by BMI category (p = 0.64).
DISCUSSION
In this study, we have demonstrated that obesity is common among older Americans with severe sepsis, with nearly a quarter obese or severely obese in our sample. In this nationally representative population, obesity was independently associated with decreased mortality up to 1 year after hospitalization for sepsis. Obese patients who survive their sepsis hospitalization use more healthcare resources and require greater Medicare spending in the year following hospital discharge-but this apparent increase in resource use is the result of greater survival, not increased use per day alive. Obese patients were no more likely to experience declines in functional limitations following sepsis hospitalization than were nonobese patients.
Although our findings are in concert with several prior studies showing obesity is associated with decreased long-term mortality in ICU patients (17, (46) (47) (48) , these results are in direct contradiction to what physicians predict for obese patients (49) . With survey data from the HRS, we were able to show that the association between obesity and decreased mortality persists after adjustment for age and important potential confounders unavailable in administrative databases and past work, such as wealth, baseline cognitive status, and baseline functional limitations. Also, by studying a patient population defined by hospital admission for a specific diagnosis and not just a common admission location, we showed that the association is not due to a differential threshold for ICU admission in obese patients (although the possibility of differential threshold for hospital admission still exists). Our results were robust to different classifications of obesity, and were present with prospectively measured BMI, assessed prior to the onset of current illness. Beyond mortality, obesity was associated with neither better nor worse outcomes in our study. Obese sepsis survivors acquired new functional limitations at a rate similar to normal weight patients. Obese survivors used inpatient healthcare facilities at a rate similar to normal weight patients although, as a result of their better mortality, obese patients used significantly more total healthcare resources in the year following hospital discharge. This last finding may have important public finance implications given the growing prevalence of obesity in new Medicare beneficiaries.
There are many potential reasons for the association between obesity and decreased mortality in sepsis and other critical illnesses. First, it may be due to a true protective effect of excess body weight. This may be the result of an altered inflammatory response to critical illness, as suggested by the attenuated proinflammatory cytokine levels in obese acute respiratory distress syndrome patients (50) . Alternatively, obese patients could have a greater capacity to tolerate the extensive weight loss and deconditioning associated with critical illness (51) .
The epidemiology and treatment of severe sepsis may also differ by BMI. A recent study by Arabi et al (48) demonstrated that obese patients with septic shock have a lower proportion of Gram-negative infections, lower proportion of pneumonia, and greater proportion of skin and soft-tissue infection. Several studies have also shown that obesity is associated with greater prevalence of renal failure in critical illness (52-54)-a finding present in our dataset as well. While this organ failure meets criteria for severe sepsis, it is associated with relatively better outcomes than respiratory, cardiovascular, or neurologic failures (55) . Finally, several studies have shown that obese patients receive different-in some cases better and in other cases worse-treatment than normal weight patients (48, 17, 56) .
We hypothesize that epidemiologic and treatment differences partially explain the survival advantage in obese patients and that biologic differences may explain the remaining portion of the survival advantage. Further examination of the epidemiologic, treatment, and biologic differences by BMI is certainly warranted with clinically nuanced datasets, but was not possible using our administrative dataset.
There are some potential limitations to our analysis. We used self-reported height and weight which may be underreported and overreported, respectively, contributing to an underestimation of BMI (57) . Prior analysis of HRS data suggests that reporting errors are small and less problematic when BMI is evaluated as a continuous variable (57) . Because HRS surveys occur biennially, there was as much as a 2-year lag between baseline survey and incident sepsis admission (median, 1.1 yr). Thus, measures of height, weight, wealth, cognitive status, and Figure 2 . Many patients did not survive long enough to complete a follow-up assessment. We used a claims-based definition of severe sepsis that, while not as accurate as prospective clinical assessment, has a high positive predictive value and better sensitivity than other claims-based definitions (28) . As a result of studying a Medicare population, our patients were mostly over 65 years (mean, 79.0 yr). This age group captures only about 60% of adult sepsis admissions nationally (24) . Furthermore, because the detrimental effects of obesity may wane with age (43-45), our findings may not apply for younger sepsis patients, although our sensitivity analysis did not suggest that the relationship between BMI and mortality varied by age. We did not include severity of illness measures, such as Acute Physiology and Chronic Health Evaluation scores, as they were not available through our administrative databases-although we instead included presence of acute organ dysfunctions (55) . Because our data are from 1999 to 2005, it may not accurately represent the distribution of BMI in current Medicare beneficiaries hospitalized with sepsis.
CONCLUSIONS
In summary, we have shown that obesity is associated with improved short-and long-term mortality in older patients with severe sepsis. Daily healthcare utilization and newly acquired functional limitations are no worse in obese survivors than those with normal weight. However, as a result of their decreased mortality, obese sepsis survivors use more healthcare and produce higher Medicare spending in the year following hospitalization. depicted. There were differences in baseline limitations (p = 0.05), but no differences in newly acquired or total limitations across body mass index categories (p = 0.15 and 0.64, respectively).
